Background: Squamous cell carcinoma of the anus (SCCA) is highly sensitive to chemoradiation (CRT) which achieves good loco-regional control and preserves anal function. However, some patients require permanent stoma formation either as a result of surgery on relapse, poor anal function or treatment-related symptoms. Our aim was to determine patient, tumour and treatment-related colostomy rates following CRT and maintenance chemotherapy in the ACT II trial.
introduction
The incidence of squamous cell cancer of the anus (SCCA) is ∼1.5 per 100 000 annually (900 UK, 5000 USA) [1, 2] . SCCA is highly sensitive to chemoradiation (CRT), which represents the current standard of care [3] [4] [5] . The aims are to achieve loco-regional control and preserve anal function avoiding a colostomy and maintain good quality of life (QoL).
Despite CRT's effectiveness, 10%-40% of patients fail to respond to treatment or relapse (risk depending on initial stage) [1] [2] [3] [4] [5] [6] with an associated loco-regional recurrence-free survival of ∼60%-80% at 3-5 years [3] [4] [5] [7] [8] [9] . Salvage surgery for localized pelvic recurrence invariably requires a radical anorectal excision (ARE) and permanent colostomy formation. Alternatively, a defunctioning stoma may be required for palliation of symptoms from locally recurrent disease or for late complications of radiotherapy.
A temporary defunctioning stoma/colostomy before radiotherapy is sometimes needed to alleviate presenting symptoms from anal cancer ( pain, frequency of defaecation or faecal incontinence), or to palliate rectovaginal or rectovesical fistulae in anterior tumours [10] . The fistula and poor function may persist, particularly in patients where the sphincter complex is extensively involved [11] [12] [13] [14] . A temporary colostomy following CRT may be needed to alleviate pain caused by a non-healing ulcer, despite a good response to treatment.
Phase III trials suggest radical CRT results in colostomy rates of 15%-36% [3] [4] [5] [6] 15] , and CFS at 5 years of 70%-75% [3] [4] [5] [7] [8] [9] . Since survival has not improved in the randomized trials despite better local control, QoL and cause-specific colostomy rates are relevant end points.
Neither cisplatin-based neoadjuvant chemotherapy [7, 8] nor maintenance chemotherapy following CRT [15] , nor an increased dose of radiotherapy boost (ACCORD-03 trial) [9] has shown an advantage in terms of CFS. A combined analysis of both MMC and cisplatin arms in the RTOG 98-11 trial [16] showed that tumour diameter (irrespective of nodal status) was the only independent predictor of time to colostomy and 5-year colostomy rate.
The aim of the present paper is to use the ACT II trial data (i) to identify patient, pre-treatment and treatment factors associated with the risk of colostomy, (ii) to estimate the cumulative incidence of colostomy according to the categories proposed earlier [17] and (iii) to check the validity of colostomy as a relevant end point for future anal cancer trials.
methods trial design
ACT II was a randomized 2 × 2 factorial trial of 940 patients conducted in 59 UK centres (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) [16] . Progression-free survival (PFS) was a primary end point and colostomy rate a secondary end point. Results on the primary end points have been reported previously [16] together with full details on inclusion-exclusion criteria and treatment schedules. Radiotherapy to 50.4 Gy was delivered in 28 daily fractions over 5.5 weeks using a two-phase technique in combination with either concurrent 5FU/MMC or 5FU/ cisplatin. Patients randomized to receive maintenance were administered two additional courses of 5FU/CisP following CRT.
assessments Tumour stage and nodal status were assessed according to UICC criteria [18] . Residual/recurrent disease required biopsy confirmation before surgical salvage or further therapy. After assessment at week 26, patients were reassessed every 2 months in the first year, once every 3 months in the second year, half-yearly until the fifth year and yearly thereafter.
Clinicians often do not consider reversing pre-treatment colostomies until 6 months from the start of treatment. Hence, colostomy reversal data were collected from 8 months after the start of treatment (the first follow-up).
classification of colostomies. We classified colostomies into three groups: (i) 'pre-treatment colostomies' created before CRT due to anal cancerrelated reasons, (ii) 'treatment-related colostomies' carried out during CRT or following the completion of CRT to allay late effects of treatment in the absence of any histological evidence of cancer and (iii) 'tumour-related colostomies' carried out for persistent disease or recurrence at the time of surgery or for a defunctioning stoma or to alleviate symptoms of recurrent tumour.
statistical considerations
All analyses included 884 assessable patients, 56 patients with inadequate follow-up data were excluded. CFS events included: all post-treatment colostomies carried out either as surgical salvage for persistent/recurrent disease or to alleviate late effects of radiation; pre-treatment colostomies not reversed after completion of treatment (event on day 1); patients who underwent ARE after relapse who had missing/uncertain colostomy data (n = 5) and death from any cause.
PFS events included progressive disease, local recurrence, metastases or death from any cause, but not new tumours. All survival end points were measured from date of randomization. Patients without CFS/PFS events were either censored on last date seen alive or date of new tumour diagnosis. The Kaplan-Meier plots and Cox regression analyses were carried out using STATA 12. All P-values were two-sided.
Univariable and multivariable Cox proportional hazards models were used to estimate crude and adjusted hazard ratios (HR) and their 95% confidence intervals (95% CI) for the potential risk factors for colostomy formation (CFS analysis) or disease progression (PFS analysis). A stepwise backward selection method was employed (P-value cut-off ≤0.05) to identify significant prognostic factors. The factors included were: treatment (CisP or MMC, Maint or No-maint) age, gender, nodal status (involved versus uninvolved), tumour size T3 versus T1/T2 (>5 versus ≤5 cm), tumour spread to neighbouring organs (yes versus no) and baseline haemoglobin. The multivariable analysis did not include tumour spread as it correlates to tumour size. Multivariable analyses were repeated using the Fine and Gray [19] competing risks regression method which considers colostomy-free death as a competing risk factor.
results
A total of 884 of the 940 patients recruited to ACT II trial were evaluable and their baseline characteristics were balanced (supplementary Table S1 , available at Annals of Oncology online). The median age was 57 years; 52% had primary tumour ≤5 cm in diameter (T1/T2), 31% >5 cm (T3); 14% with tumour spread to neighbouring organs (T4); 32% had positive lymph nodes; and 84% with tumour in the anal canal, 14% anal margin. The mean haemoglobin at baseline was 13.6 g/dl (range: 8.2-18). The median follow-up, censoring deaths, was 5.1 years (6 days to 10.5 years). At the time of randomization, 118 out of 884 (13%) patients had a colostomy ( Figure 1 ) and were included in the pre-treatment colostomy group. Twenty of these (17%) were reversed within 8 months. The remaining 98 colostomies remained in situ after all treatments were completed, 70 out of 98 patients were CR at 6 months and none had relapsed by the first follow-up at 8 months. Thirty-eight per cent (37/98) of these colostomies were reversed later during follow-up. At 6 years, 61 out of 118 patients (52%) had pre-treatment colostomies in situ of these (87% were T3/4). At baseline, 23 out of 61 (38%) were T3 and 30 out of 61 (49%) T4, indicating that patients with more advanced tumours were more likely to have permanent stomas. Following CRT, 112 patients required a colostomy as a result of surgical salvage for persistent/recurrent disease (n = 98) or symptoms of late morbidity (n = 14) (Figure 1 ). In addition, 3 out of 20 pre-treatment colostomies reversed after all treatment needed a subsequent colostomy for disease and 1 out of 20 for late treatment effects. In all, 101 out of 884 (11%) patients had 'tumour-related' and 15 (1.7%) 'treatment-related' colostomies.
Cumulative incidences of colostomy for each of the three categories are shown in Figure 2 . The curve for pre-treatment colostomies is shown as the inverse of the cumulative incidence of pre-treatment colostomy reversals. There were 57 reversals of pre-treatment colostomies during follow-up (Figure 1 ). Twothirds (61/98) of the pre-treatment colostomies not reversed by 12 months were permanent. All tumour-related colostomies (n = 101) had occurred within 6 years of treatment completion. The combined cumulative incidence of pre-and post-treatment colostomies at 5 years was 20% (176/884). Figure 3 ). The overlapping curves indicate the absence of any interaction between the treatment groups. The 5-year CFS rates were 79% for T1/T2 (≤5 cm), 54% for T3/T4 patients (Figure 3 ), 72% for node-negative and 60% for node-positive.
univariable and multivariable analyses
Cox proportional hazards method. Statistically significant predictors of CFS in univariable analysis were site of primary (borderline significance), haemoglobin (analysed as a continuous variable), tumour size (>5 versus ≤5 cm), tumour spread and nodal status (Table 1) . However, primary site and nodal status were not significant when adjusted for the other factors in the multivariable analysis. Gender, although not significant in univariable model, was a significant predictor when adjusted for other factors. Tumour spread was significant in the univariable model (HR: 2.40, 95% CI: 1.82-3.17, P < 0.001; Table 1 ). There was a 56% increase in the risk of colostomy for males compared with females (adjusted HR: 1.56, 95% CI: 1.16-2.11, P = 0.004). The lower the haemoglobin levels at baseline, the higher the risk of having a colostomy (adjusted HR: 0.82, 95% CI: 0.74-0.90, P < 0.001). Patients with tumours of >5 cm (T3) had approximately twofold higher risk of colostomy than those with tumours < 5 cm (HR 1.86, 95% CI: 1.38-2.50, P <0.001).
Stepwise backward elimination resulted in a final model with gender, tumour size and haemoglobin as independent predictors of CFS (supplementary Table S2 , available at Annals of Oncology online). Age, treatment and primary site did not impact CFS.
We carried out subgroup analysis of patients within the different T stage groups (supplementary Table S3 , available at Annals of Oncology online). T1 and T2 patients were similar in their risk of colostomy (crude HR: 1.23, 95% CI: 0.73-2.07, P = 0.43), whereas T3 + T4 patients had a significantly higher risk of colostomy compared with T1 + T2 patients (HR 2.46, 95% CI: 1.93-3.14, P < 0.001). Repeating the comparison between T stage groups for N0 patients only did not change the overall results (supplementary Table S3 , available at Annals of Oncology online), indicating that the increased risk in colostomy was due to the increasing tumour size and not nodal spread.
The significant prognostic factors for PFS were gender, tumour size and baseline haemoglobin (see adjusted HRs, supplementary Table S4 , available at Annals of Oncology online). The predictive factors were the same for both CFS and PFS (gender, tumour size and haemoglobin, supplementary Table S5 , available at Annals of Oncology online), suggesting that CFS is an important end point in anal cancer trials.
To compare the independent predictors of CFS from ACT II directly with other published studies, we carried out multivariable analysis using the Fine and Gray competing risks regression method [20] considering colostomy-free death as a competing event. Although gender was not an independent predictor in this model, the increased risk for lower baseline haemoglobin and higher tumour size were similar in the final models obtained by the two regression methods (supplementary Table S2 , available at Annals of Oncology online). The ACT II study demonstrated CFS and colostomy rates are not improved by CisP/5-FU CRT compared with standard 5FU/ MMC CRT, or by using maintenance chemotherapy [15] . We investigated potential tumour-and treatment-related factors prognostic for colostomy. We grouped patients requiring colostomy into pre-treatment, tumour-related and treatment-related colostomies. We show that tumour size, baseline haemoglobin and gender are independent predictors of CFS.
Gender was a significant factor in the multivariable model, with a 56% increase in the risk of colostomy for males compared with females (adjusted HR: 1.56, 95% CI: 1.16-2.11, P = 0.004). This finding probably reflects the different fluoropyrimidine kinetics in women and leading to higher efficacy, despite the confounding factors of lower haemoglobin in premenstrual patients and pre-existing obstetric anal injuries.
The increased risk of colostomy for larger tumours compared with smaller tumours in ACT II (adjusted HR: 2.06, supplementary Table S2 , available at Annals of Oncology online) is less than that reported by Sunesen et al. [20] (adjusted HR: 3.8) probably because of the different cut-offs used in the two studies (>5 versus ≤5 cm contrasting with ≥6 versus < 4 cm in Sunesen's study).
Our results show that approximately twice as many patients with T3 or T4 progressed and received colostomy (n = 178) when compared with T1/T2 patients (n = 104).
Several series have noted a failure to reverse pre-treatment colostomy despite long-term disease control. The indications which lead to pre-treatment colostomies (e.g. pain, incontinence or fistula) often persist despite disease control, especially in the case of circumferential tumours which often result in extensive fibrosis and tight anal strictures [3, 21] . Although initially, the stoma could be considered tumour-related, the definition is inaccurate for patients who achieve long-term control. The ACCORD-03 trial excluded patients with permanent pretreatment colostomies from their analyses but grouped those with reversed pre-treatment colostomies together with those who never needed a colostomy [9] . We recommend that patients with pre-treatment colostomies should be grouped separately even if they are subsequently reversed. Future studies should investigate the rationale for fashioning pre-treatment colostomy.
A pre-treatment colostomy should be used as a stratification factor in trials where CFS is considered as either a primary or secondary end point. In ACT II, the cumulative incidence at 5 years was 13% for post-treatment colostomies and 20% for pre-and post-treatment colostomies combined. The latter is lower than the 26% reported by Sunsen et al. [20] who defined pre-treatment colostomies as tumour-related including temporary stomas. Such temporary stomas can occur in up to 15%-20% [3, 16, 22] . It may not be appropriate to include these pre-treatment colostomies as tumour-related.
The combined cumulative incidences for pre-and post colostomies were 18% and 22% for the CisP and MMC groups, respectively (P = 0.13). The MMC rate is higher than reported by the RTOG9811 [7, 16] (19% CisP and 10% MMC) possibly because permanent colostomies were included in our analysis and we included fewer patients with small tumours (73% ≤5 cm RTOG9811 versus 52% ACT II). The cumulative incidence for CisP and MMC groups disregarding the pre-treatment colostomies in ACT II was 9% and 10%, respectively. Unlike the RTOG 98-11 trial [8], we did not find an increased cumulative colostomy rate for CisP when compared with MMC. We attribute this to the continuous CRT schedule with no planned treatment breaks used in ACT II.
In ACT I, only 40 out of 577 patients had a colostomy formed to ameliorate late effects [3] , and in ACT II, this figure fell to 15 out of 940, reflecting the fact that estimated doses to the anorectal sphincter in ACT II are low [23] . The consistency of dose received in ACT II-98% of patients received 51.4 Gy to the anal sphincter with an IQR for duration of treatment 38-39 days-indicates that the data presented are robust and unique. Poor sphincter control may be associated with doses of ≥53 Gy received by the lateral aspect of the anal sphincter [24] .
In conclusion, we have identified patient, pre-treatment and treatment factors associated with the risk of colostomy to allow better stratification in subsequent trials and to capture colostomy data more informatively. The ACT II schedule led to high CFS because of good local control. Infrequent late morbidity probably reflects the low total dose (50.4 Gy). The establishment of recognized pre-treatment variables (gender, tumour size and haemoglobin) may help to identify patients with a high risk of failure who could be given alternative therapeutic strategies (e.g. surgical salvage), and facilitate the development of novel therapeutic strategies for such patients.
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